BACKGROUND: There are still gaps in the knowledge regarding the damage to mucociliary and autonomous systems from passive exposure to cigarette smoke. Also, the influence of the frequency and duration of exposure on these systems is still unclear. The objective of this work was to verify the effects of passive smoking on mucociliary clearance and adult autonomic nervous systems and investigate the influence of frequency and time of passive exposure on these systems. METHODS: 44 smokers (smoking group), 38 passive smokers (passive smoking group), and 38 healthy individuals (control group) were evaluated. Evaluation of lung function was performed. To analyze the autonomic nervous system, heart rate variability data were collected. Hemodynamic parameters were collected. Mucociliary clearance was evaluated using the saccharin transit time test. RESULTS: The passive smoking group presented reduced lung function (P ‫؍‬ .02). Systolic blood pressure was significantly greater in the passive smoking group when compared with the smoking group (P ‫؍‬ .02). The passive smoking group presented significantly slower transportability time than the control group. No differences were observed between the groups for the heart rate variability data. There was a significant correlation (P < .05) between the frequency of exposure and diastolic blood pressure, oxygen saturation, and FEF 25-75% . Correlation analyses also demonstrated a reduction of global autonomic activity according to exposure load, in addition to a reduction in vagal activity and an increase in sympathetic activity according to exposure frequency. CONCLU-SIONS: Passive smokers presented worse mucociliary clearance, and there was a correlation between passive exposure load and damage to the hemodynamic response, pulmonary function and autonomic nervous system.
Introduction
Smoking causes a significant increase in the risk of developing diseases in various systems of the body, 1,2 of which the damage caused in the respiratory and autonomic systems can be highlighted. 3, 4 There are about 5,000 toxic chemicals in each cigarette. The majority of these components are inhaled by nonsmokers exposed to cigarette smoke and can reach the small airways of the respiratory tract due to the size of the particles in the smoke (0.1-0.5 m). Thus, the damage caused by smoking can be extended to passive smokers. [5] [6] [7] [8] [9] The effects of exposure to cigarette smoke on mucociliary clearance and autonomic nervous systems in passive smokers has been investigated; these systems are considered mechanisms of great importance for the proper functioning of the body. 4, 10 The changes in these systems precipitated by active smoking are already established; however, the effects on passive smokers are not yet fully clear.
Habesoglu et al 10 demonstrated in their study that the mucociliary clearance of adults exposed to cigarette smoke is impaired when compared with individuals without a history of exposure. This alteration may be related to decreased ciliary beat frequency and changes in the viscoelastic properties of mucus. In addition, it is believed that mucociliary clearance can be influenced by the action of the autonomic nervous system, which in turn, can also be modified by passive exposure to cigarette smoke. 11 In a literature review, Valenti et al 12 also demonstrated damage to the autonomic nervous system resulting from passive smoking, characterized by increased sympathetic activity and mitigated parasympathetic responses. However, the majority of the results found in this review were from animal studies, which limits the interpretation of the findings in humans. For this reason, the authors concluded that further studies were needed to clarify the alterations in the autonomic nervous system resulting from passive exposure. 12 Given the above, it can be seen that there are still gaps in the knowledge relating to the damage caused by passive smoking on the mucociliary and autonomous systems, especially regarding the influence of the frequency and duration of exposure to cigarette smoke on these systems. 9, 10, 12 It should be emphasized that despite the intensification of public policies established to reduce the harmful effects of passive smoking, individuals exposed in the home environment continue to be biased and need to be alerted to the potential damage. [8] [9] [10] Therefore, the aim of this study was to investigate the effects of passive smoking on mucociliary clearance and the autonomic nervous system in adults and to investigate the influence of the frequency and duration of passive exposure on these systems.
Methods
This cross-sectional study evaluated 120 individuals, determined by sample size calculation (using a saccharin transit time test, with 80% test power and 95% confidence using an SD of 5.7, with a difference to be detected of 4, the sample calculation resulted in 32 individuals for each group), divided into 3 groups: 44 smokers enrolled in a smoking cessation program 13 at the University of São Paulo, Brazil; 38 passive smokers exposed to cigarette smoke daily (family of the smokers group); and 38 volunteers in the control group, recruited for the study. The study was conducted from March 2013 to July 2014.
The project was approved by the Committee for Ethics in Research of the Faculty of Science and Technology, UNESP, Presidente Prudente Campus-SP (Protocol CAAE: 07152212.0.0000.5402). All participants were informed about the objectives and procedures of the study and signed a consent form before being included in the study.
The study included individuals between 30 and 50 y old of both sexes, without a diagnosis or history of lung or heart disease. The passive smoking group included individuals with a history of passive exposure to cigarette smoke for a minimum of 1 y who did not present a history of active smoking or a profession involving direct contact with polluting agents. The smoking group included individuals with a smoking history of at least 20 cigarettes/d for a minimum of 1 y. The control group included individuals who did not present any history of continuous exposure to cigarette smoke or other pollutants or a history of active smoking.
Individuals with a history of surgery or nasal trauma, nasal septal deviation, or inflammation of the upper airways, verified by clinical evaluation and during the interview, were excluded. Physically active individuals (regular physical activity for 20 min at least 3 times/week) were excluded to avoid influences on mucociliary transportability. Those who did not attend one of the days of the experimental protocol were also excluded.
Experimental Protocol
The proposed protocol was performed over 2 days of evaluations. The first day of data collection consisted of
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Current knowledge
The smoking habit causes a significant increase in the risk of developing diseases. The changes in mucociliary clearance and autonomic nervous systems in active smoking are already established. The damage caused by smoking can be extended to passive smokers.
What this paper contributes to our knowledge
This study demonstrated that there was impaired mucociliary clearance in passive smokers when compared with the control group. It was also found that there is an association between passive time and frequency of exposure and damage to the hemodynamic behavior, pulmonary function, and autonomic nervous system in these individuals.
EFFECTS OF PASSIVE SMOKING the initial evaluation, including the individual's personal data and anthropometric measurements, in addition to spirometry to assess lung function in all groups.
On the second day of evaluation, in order to analyze the autonomic nervous system, the individuals were connected to a heart rate monitor to capture the heart rate variability data. Following this, the hemodynamic parameters were measured: breathing frequency, heart rate, S pO 2 , blood pressure, and the carbon monoxide measurement in exhaled air. Next, the mucociliary clearance rate of the volunteers was assessed using the saccharin transit time test.
Members of the active smoking group were requested to abstain from smoking for 12 h before attending the evaluations, and members of the passive smoking group were also asked to avoid family members while they were smoking for at least 12 h before the evaluations in order to detect only the effects already accumulated in the mucociliary clearance system and to eliminate the possibility of an outcome from an acute response.
Initial Evaluation
All participants were interviewed for information on several aspects: personal data, history of passive exposure and smoking history. The passive smokers received a questionnaire consisting of open questions about the smoking habits of their families and their perception of the effects of passive smoking on their health in order to perform qualitative analysis. The active smokers were questioned about their smoking habits, number of cigarettes per day, and number of years of smoking.
Subjects in the passive smoking group were asked whether they felt any symptoms or discomfort when inhaling cigarette smoke and, if so, what the symptoms were; they were also asked whether they felt biased in any way by passive exposure and how many times a day and for how many years they had been exposed to cigarette smoke. All participants were also questioned about their clinical history (surgery or nasal trauma, chronic respiratory disease, or infections during the previous few weeks). Finally, anthropometric measurements were collected (weight and height).
Evaluation of Lung Function (Spirometry)
For the measurement of lung function, spirometry was performed using a spirometer (Spirobank version 3.6, MIR, Rome, Italy) connected to a microcomputer. The criteria for the attainment, selection, and analysis of the curves were in accordance with the guidelines of the American Thoracic Society and European Respiratory Society. 14 The normality values were according to the Brazilian population. 15 All participants were instructed not to smoke (smoking group), not to be close to family smokers when they were smoking (passive smoking group), and not to drink caffeine-based substances for a minimum of 12 h before the evaluation. They were also advised to abstain from alcohol for at least 4 h and not to eat a large meal for 1 h before the spirometry test.
Evaluation of Autonomic Nervous System Modulation
The heart rate variability assessment was performed on the second day of the protocol, and data were collected for 20 min while the participants remained in a seated position. In order to capture heart rate, beat by beat, a recording strap was placed on the chest of the volunteers, and a heart rate receiver (S810i, Polar, Kempele, Finland) was placed on their wrist, and the data captured were used for analysis of heart rate variability. 16, 17 The heart rate variability data were analyzed at rest for 20 min, and the first 256 breathing frequency intervals were used (oscillations in the interval between consecutive heartbeats) after digital filtering using Polar Precision Performance SW 4.01.029 software, complemented by manual filtering to eliminate premature ectopic beats and artifacts; only series with Ͼ95% sinus beats were included in the study. 18 Heart rate variability analysis was performed using linear methods, in the time domain, the frequency domain, and geometric indices. In the time domain, the RMSSD indices were used, which correspond to the root mean square of the successive differences between adjacent normal breathing frequency intervals, expressed in ms, representing the parasympathetic activity, and the SDNN, which is the SD of all normal breathing frequency intervals, expressed in ms, representing overall variability.
For analysis in the frequency domain, the spectral components of low frequency (0.04 -015 Hz) (LF) were used, which reflect the joint action of the vagal and sympathetic components on the heart, with a predominance of the sympathetic. The high frequency (0.15-0.40 Hz) index (HF), which represents parasympathetic activity in normalized units and ms, 2 was also analyzed, together with the ratio of these components (LF/HF), which reflects the autonomic balance. 19 For the analysis of geometric indices, the Poincaré plot was used, which is a diagram in which each breathing frequency interval is plotted as a function of the previous breathing frequency interval. The analysis was performed using the adjustment of the ellipse of the figure formed by the attractor, from which the following indices were calculated: SD1 (standard instantaneous beat-to-beat variability) representative of parasympathetic activity and SD2 (standard deviation of long term variability), which re-
flects the overall variability. 16, 17 Heart rate variability analysis software (Kubios, Biosignal Analysis and Medical Image Group, Department of Physics, University of Kuopio, Finland) was used to determine these indices. 18 All of the participants were instructed not to smoke (smoking group) or ingest caffeine-based substances and to abstain from alcohol for at least 12 h before the assessment and avoid large meals for 1 h before the evaluation.
Measurement of Vital Signs
The respiratory frequency was measured by observing the number of expansions of the rib cage while watching the respiratory mechanics of the individual for 1 min. The heart rate was determined using a heart rate monitor (S810i). Oxygen saturation was assessed by means of a finger oximeter (NewTech, Guangdong, China). For measurement of blood pressure, auscultation was performed in the left arm, using an aneroid sphygmomanometer and stethoscope (BD Biosciences, São Paulo, Brazil). 20 All vital signs were collected after 20 min of rest.
Measurement of Carbon Monoxide in Exhaled Air
The carbon dioxide measurement was performed after an initial measurement of vital signs. The volunteer was instructed to inhale deeply with breath hold for 20 s. Next, a device (Micro Medical, Rochester, United Kingdom) that measures the concentration of carbon monoxide exhaled through an electrochemical sensor, expressing it in ppm and percentage of carboxyhemoglobin, was placed in the mouth of each volunteer, and they were instructed to perform a slow and gentle full expiration. 21 
Measurement of Nasal Mucociliary Clearance (Saccharin Transit Time Test)
The mucociliary clearance evaluation was performed using the saccharin transit time test. The participants were seated with their head extended at 10°. The saccharin transit time test was initiated by introducing approximately 250 g of granulated sodium saccharin through a plastic straw, under visual control, approximately 2 cm into the right nostril. The chronometer was started from this moment; the subjects were instructed not to walk, talk, cough, sneeze, scratch, or blow their nose; and they were in- EFFECTS OF PASSIVE SMOKING structed to swallow a few times/min until they felt the taste in their mouth, at which time the examiner was immediately alerted by a gesture from the participant being assessed, and the time was recorded. 22 
Statistical Analysis
The data were analyzed using the statistical software GraphPad Prism (GraphPad Software, San Diego, California). Initially, the Shapiro-Wilk test was performed to assess the normality of the data. To compare the 3 groups analyzed, the one-way analysis of variance test was used with Tukey's post-test for data considered parametric, and the Kruskal-Wallis test and the Dunn post-test were used for nonparametric data. For correlation analysis, the Pearson or Spearman test was used according to the normality of the data. The level of significance used was 5%. Data were expressed as mean, SD, median, and interquartile range according to data normality.
Results
A total of 120 individuals were evaluated; however, 15 individuals were excluded for not meeting the proposed inclusion criteria or for missing one of the days of the experimental protocol. Thus, the passive smoking group ended with 34 individuals, the smoking group with 37 subjects, and the control group with 34 subjects with no history of passive or active smoking exposure.
The anthropometric characteristics of the 3 groups together with the pulmonary function analysis can be seen in Table 1 From the qualitative analysis of the open questions to the passive smoking group, it was reported that 55.9% of the individuals felt some damage to health related to passive exposure. In addition, 67.6% felt some symptom when inhaling cigarette smoke. Among the reported symptoms were dyspnea, nose irritation (itching, burning, or nasal congestion), coughing, sneezing, and nausea. The data can be seen in Figure 1 . Table 2 presents a comparison of the results of hemodynamic parameters, carbon monoxide monitoring, and mucociliary clearance of the 3 groups. In relation to the 
heart rate variability data (Table 3) , no significant differences were observed for any of the analyzed indices. Correlation analyses were performed between the frequency of exposure (exposure times daily) and the exposure time (in years): hemodynamic parameters, carbon monoxide monitoring, spirometric values, mucociliary clearance, and heart rate variability indices. The results of these analyses can be seen in Table 4 . There was a significant correlation (P Ͻ .05) between the frequency of exposure and diastolic blood pressure, oxygen saturation, and FEF 25-75% and between the following heart rate variability indices: RMSSD, LF (normalized units), HF (ms) HF (normalized units), LF/HF, and SD1. In the correlations with the exposure time (years) a significant association was found only with the SDNN, LF (ms), and SD2 (P Ͻ .05).
Discussion
The principal findings of this study demonstrated that there was impaired mucociliary clearance in passive smokers when compared with the control group. It was also found that there is an association between passive exposure time and frequency of exposure and damage to the hemodynamic, pulmonary function, and autonomic nervous system in these individuals.
It was observed that the passive smokers presented reduced lung function, characterized by a decrease in FEV 1 values, compared with the control group. In addition, there was a negative correlation between the frequency of exposure and FEF 25-75% . These findings may be associated with the increased formation of free radicals when exposed to pollutants, starting an inflammatory reaction and releasing inflammatory cells and mediators (cytokines, chemokines, and adhesion molecules) that reach systemic circulation, leading to a subclinical inflammation, not only with repercussions in the respiratory system, but also causing systemic effects. 23, 24 Thus, it is believed that with an increased exposure to load, there is a potentiation of these harmful effects. Thus, the reduction in pulmonary function may result in an increased risk of hospitalization, a prevalence of respiratory symptoms, and even death. 25 Regarding the hemodynamic behavior, the passive smoking group presented higher systolic blood pressure values compared with the smoking group (P ϭ .02). Although the average values were considered normal, 13 these data become alarming when considering that previous studies 26, 27 have shown that people exposed to cigarette smoke have higher chances of developing hypertension. In addition, the sample in the present study Data are expressed as mean Ϯ SD and as median (interquartile range). SDNN ϭ SD of normal to normal breathing frequency intervals, expressed in ms RMSSD ϭ root mean square of successive differences between adjacent normal breathing frequency intervals for a period of time, expressed in ms LF ϭ low frequency nu ϭ normalized units HF ϭ high frequency SD1 ϭ SD of the instantaneous variability beat to beat SD2 ϭ SD of the long-term variability consisted of sedentary individuals, a factor that can aggravate the pre-hypertensive state, leading to more serious cardiovascular impairments. Felber Dietrich et al 28 also evaluated blood pressure in passive smokers; however, they did not observe significant changes in this index. It is believed that this difference in findings from the present study is due to differences in the study population inclusion criteria, since, in the present investigation, we did not include individuals with a history of active smoking in the passive smoking group or physically active individuals. Also, in the study of Felber Dietrich et al, 28 it was observed that passive smokers with a higher exposure load had higher blood pressure levels, which corroborates the findings of this study. Such behavior may be related to the increase in sympathetic activity demonstrated in the literature. 3, 11 In the analysis of saccharin transit time, a longer transportability time was observed in groups of active and passive smokers; however, there was a significant difference only in the comparison between the control group and passive smoking group (P ϭ .02). This finding demonstrates alterations in the functioning of the mucociliary clearance of individuals subjected to passive exposure, an alarming fact considering that this transport is the main defense mechanism of the respiratory system against harmful agents and particles. 5, 29 Exposure to cigarette smoke can cause damage to the structure of the cilia that compose part of this system, in addition to changing the viscoelastic properties of mucus. These alterations can significantly increase the risk of respiratory complications, such as infections, and respiratory symptoms. 22, 29, 30 Habesoglu et al 10 found similar results to the present study; however, the individuals evaluated in their study were younger and had a higher frequency of exposure to cigarette smoke (Ͼ10 cigarettes/d). In the present study, it was observed that even lower levels of exposure are able to promote damage in mucociliary clearance.
In the analysis of the autonomic nervous system, no significant differences were observed when comparing the 3 groups. However, the correlation analysis in the passive smoking group demonstrated that there was a global reduction in the autonomic activity according to the time and frequency of exposure, characterized by a negative correlation in the SDNN and SD2 indices. A reduction in vagal activity (RMSSD, HF, and SD1) and increased sympathetic activity (LF and LF/HF ratio) was also observed, according to the frequency of exposure. This set of behaviors indicates that there is influence of time and frequency of passive exposure on autonomic modulation of adults.
The literature suggests that passive exposure is related to changes in the autonomic nervous system. 12, 28 This mechanism is associated with the action of nicotine, present in cigarette smoke, which is responsible for promoting sympathetic activation with the release of catecholamines, which cause acute and chronic cardiovascular effects, such as increased heart rate and blood pressure, in addition to increased oxygen demand and overload in the myocardium. 2, 4 .01* SBP ϭ systolic blood pressure DBP ϭ diastolic blood pressure COex ϭ carbon monoxide in exhaled air COHb ϭ carboxyhemoglobin STT ϭ saccharin transit time SDNN ϭ SD of normal to normal breathing frequency intervals, expressed in ms RMSSD ϭ root mean square of successive differences between adjacent normal breathing frequency intervals for a period of time, expressed in ms LF ϭ low frequency nu ϭ normalized unit HF ϭ high frequency SD1 ϭ SD of the instantaneous variability beat to beat SD2 ϭ SD of the long-term variability * Statistically significant difference (P Ͻ .05).
The increased sympathetic activity at rest has been identified as an indicator of poor adaptation of the autonomic nervous system and a risk factor for arrhythmias and sudden death. It is believed that these findings may be related to the low level of exposure to cigarette smoke reported in this study compared with other studies in the review by Valenti et al 12 and the study of Felber Dietrich et al 28 In the qualitative analysis, it was observed that 55.9% reported feeling harmed by passive exposure; in addition, 67.6% felt some discomfort or symptoms while inhaling the cigarette smoke. Because no studies were found that qualitatively evaluated the perception of individuals exposed to cigarette smoke, it is believed that this analysis is of great importance to better understand the extent of the damage caused by passive smoking.
The results of the present study add important information to the scientific knowledge of the harm caused by passive smoking. The impairment in the mucociliary system and the relationship between passive exposure load and autonomic activity demonstrated in this study reinforce the idea that it is necessary to implement more public policies to minimize the damage caused by passive smoking, such as smoking cessation programs, considered the most effective method to reduce the number of smokers and hence reduce exposure.
Conclusion
It is concluded that passive smokers present impairments in mucociliary clearance. A correlation was also found between passive exposure load and damage to the hemodynamic, pulmonary function, and autonomic nervous system.
